The present study was conducted to evaluate the economics of the fish farms management under different systems and different water sources and its impact on the growth performance of fish in polyculture.The study was conducted in two fish farms in the provinces of Kafr El-Sheikh, Ismailia and Port Said, four earthen ponds in each fish farm two feddans for each pond. The ponds were cultivated by Nile tilapia and mullet with an average weight of 2; 30 g for tilapia and mullet, respectively. The first fish farm was fertilized by organic and mineral fertilizers only during the first three months and then the artificial feed was added until harvest. In the second fish farm used in artificial feed 25% Protein only during the whole season. Water samples were taken monthly to measure water quality parameters and phytoplankton and zooplankton abundance. Also, fish samples were taken monthly to calculate growth rates.
INTRODUCTION
Increasing the cost of fish feeds and inorganic fertilizers results in increasing the interest in lowering the cost of fish production and this can be solved, to some extent by introducing an integrated farming system (Shaker, 2008) .
The polyculture as practiced in aquaculture via stocking of fish species of different food habits proved to be an important management tool in utilizing efficiently the natural food resources in fish pond. Synergistic interactions among fish species are manifested by higher growth and yield in polyculture than in monoculture. The bases for these interactions are the increase of available food resources and the improvement of environmental conditions (Shaker et al., 2013) .
Polyculture was first practiced in China more than a thousand years ago. It was extremely extensive, requiring little management, stocking several species at low density, often without application of feeds, and producing relatively low yield at low production costs (Afzal, et al., 2007) . In semi-intensive farming systems, usually natural food is stimulated through the application of organic manures or chemical fertilizers, while feeds are supplied to supplement the available natural food.
Fertilizers are applied for fertilization of fish ponds to increase plant nutrients contraction and to stimulate natural fish growth and ultimately increase fish production. Availability of natural food in pond water reduces fish demand for artificial feeds, leading to reduce production costs and improve farm income. Chicken manure has been used extensively as organic fertilizers in fish farms for increasing natural food web and consequently reducing production costs. Chemical fertilizers are highly soluble and release nutrients that can cause eutrophication of natural waters.
Recently, along with the intensification trend in Egyptian aquaculture, the requirement for high quality feed has increased. Such higher production costs as well as the high investments have called for better management practices. The contribution of feed costs in fish production increases along with the level of intensification, reaching the highest component in farm operation (Shaker, and Abd El Aal, 2006) . From economic point of view, such practices may not suite the small-scale farmers with little resources whether in the tropics and to some extent in some parts of Egypt. This is due to financial constraints which limit the ability of those farmers from accessing the commercially produced pelleted feeds. Thus, in order for those farms to utilize easy to find feed at low cost, alternative management strategies are required.
Anumber of studies have been done on feed and fertilizer combinations, which may be very effective, where fertilization rates can be reduced due to enrichment gained from excreta and exhibited rapid growth rate of tilapia, since larger size could be attained in shorter time than fertilizer alone and also the production cost may be reduced (Eroldogan et al., 2006 and Abdel-Hakim et al., 2009) . Fish feed prices have increased significantly during the last few years which reduced the profit margin of fish farming and caused losses in some farms . As a direct result of that farming net profits declined and most of the business has changed their production plan depending more on fertilizers.Therefore, the objectives of the present study are to evaluate fish production and growth performance as well as the grow-out environments under different pond managements of fish cultured. Economical evaluation for farming systems tested was a main element in the study. Finally, the study tackled the issue of the use of drainage water, sewage wastewater and fresh water in Egyptian fish farming.
MATRIALS AND METHODS
The study was conducted in Kafr El-Sheikh-Ismailia and Port Said governorates, two fish farms for each.The fish farms in Kafr El-Sheikh (KM, KF) are irrigated from agriculture drainage water beside and water from Lake Burullus, in Ismailia fish farms (TM, TF) located from El Tal El Kabeer are irrigated from Ismailia Canal and in Port Said (PM, PF) located in ShaderAzam are irrigated from Hadous, Ramsise, Baher El Bakar drains and Lake Manzala. The two fish farms in each governorate divided two systems of pond management. First fish farm feed only and second fish farm use organic and mineral fertilizers system and in last month use artificial feed 25% protein as 2-3% of total weight of fish twice daily, six days/ week. The feed fish farms are using artificial feed 25% protein as 3% of total weight of fish twice daily, five days/week. The fertilizer fish farm use (50kg chicken manure+4kg urea+10kg triple superphosphate/feddan /week) during first four months and in last month using artificial feed 25% in each governorate.Each fish farm (earthen ponds) four replicates, 8000 m 2 for each pond surface area. All ponds had 1.25 m as an average water depth. Each pond cultivated by 16000 tilapia 2g and 4000 mullet 30g. The experimental period was 150days.
Water temperature °C, dissolved oxygen DO mg/l, pH, salinity, electrical conductivity, total ammonia NH 4 , SD, total alkalinity (mg/l), total hardness, nitrite (mg/l), nitrate (mg/l), orthophosphate (mg/l) and chlorophyll "a" (µg/l) were determined according to (APHA, 2000) . Quantitative and qualitative estimation of phytoplankton and zooplankton standing crop was performed monthly in all ponds during the experimental period. Phytoplankton and zooplankton standing crop was estimated by sedimentation method described in APHA (2000) .
During the study period, tilapia and mullet samples were taken monthly to measure weight and length of fish to calculate the growth rate and adjust the amount of feed and returned fish to theponds again.Specific growth rate was estimated as: SGR ln (final weight) -ln (initial weight) /culture period daysX100.
Statistical analyses:
Two-way ANOVA was used to evaluate the significant difference of the concentration of different items studied with respect to fish farms and pond managements. A probability at level of 0.05 or less was considered significant. Standard errors were also estimated. All statistics were run on the computer, using the SAS programme (SAS, 2000) .
RESULTS AND DISSCISIONS
Water is a major component and physiological necessity of all living things; in addition, aquatic species live in water. An adequate volume of high quality water is necessary to initially fill holding and culture units at aquaculture facilities, and to replace water that evaporates, seeps, or is intentionally discharged from them (Boyd and McNevin, 2015) .
The monthly fluctuated of pH, SD, NH 3 , NO 2 , NO 3 , orthophosphate and chlorophyll "a" parameters presented in figs (2). The average values of DO had negative correlation with experiment period. The concentration of dissolved oxygen gradually decreases from month to month, and it is probably due to the increase of biomass per meter and also to increase the organic matter due to increased waste and residues.
The average values of pH were slowly differ from month to month in feed ponds regardless fish farms, while were significantly (P<0.05) increase with period in fertilizers fish ponds in three fish farms. These results indicated that the pH values had affected by fertilizers. Also, these results clear that the artificial feed were not effect on water pH. The fluctuation of pH are depends on pond managements more than environmental conditions (Fig. 1 ). Variations in pH values coincided mainly with differences in photosynthetic activities. The lowest pH values appeared in ShaderAzam fish farms under two pond management systems (Fig. 1) . The desirable pH range for most fish species is 6-9 (Shaker et. al., 2002 and Chanda and Musuka, 2012 .
The pH values were significantly increased (P<0.05) in fertilizer fish ponds than feed fish ponds in three fish farms. These results may be due to increased phytoplankton in fertilizer ponds led to increased photosynthetic. This variation could be explained by the photosynthetic uptake of CO 2 and bicarbonate that substituted hydroxyl ions. Pond water pH and CO 2 concentration are affected by respiration and photosynthesis. Carbon dioxide is may build up in water as a result of respiration by aquatic animals and bacteria. In poorly buffered waters, this can cause a drop in pH below 7.0 that can inhibit nitrification. Aeration can drive of CO 2 , and in that process the pH is increased. Adequate alkalinity will ensure stable pH and provide carbon for nitrifying bacteria (Stephen, 2010) .
Dissolved oxygen concentration in the water depends on water temperature and the proliferation of air with there is an inverse relationship between water temperature and solubility of oxygen in the water as well as on the process of photosynthesis by phytoplankton (Shaker et al., 2013; Boyd and McNevin, 2015) . These results are in agreement with those obtained by Ayub and Boyd (1994) ; Boyd and Tucker (1998) who reported that the dissolved of oxygen from air to water decreased with increasing water temperature and Shaker et al. (2009a,b) who found the negative correlation between water temperature and dissolved oxygen values in water.
The SD readings were significantly (P<0.05) increased in TF fish ponds than others fish ponds. Also were significantly increasing in feed fish ponds than fertilizers fish ponds. These results clear that fertilization leads to increased growth of phytoplankton causing low reading transparency. These results are in agreement with those obtained by Shaker et al. (2003) and Shaker (2008) .
From the presented data in Fig. (2) , show the average values of nitrogen compounds (NH 3 , NO 2 and NO 3 ) in ponds in each fish farm. Fertilization with inorganic and organic manure was considered as the source of nitrogen in all systems. Figure A note of nitrogenous compounds depends on fertilization first and then the remains of industrial feed and fish faeces and analyzed phytoplankton in addition to the decomposition of organic material in the soil. The nitrogen cycle in ponds is mostly microbial, the deamination of proteins producing ammonia. Further bacterial oxidation and reduction of nitrogen compounds iscoupled with photosynthetic assimilation and use by algae and aquatic macrophytes. The available nitrogen is then agminated into organic purines, pyrimidines, amino acids, etc., within the organism (Wetzel, 1975) .
The highest values of nitrogen compound recorded in Shader Azam fish farm and the lowest values recorded in El-Tal El-Kabeer fish farm. The NH 3 ; NO 2 and NO 3 were significantly (P<0.05) increased in fertilizer fish ponds than feed fish ponds during all months in each fish farms. These results may be due to increased fish waste, residuals of artificial feed and organic fertilizer led to increase of organic compounds led to increase the decomposition process. These results are in agreement with those obtained by (Shaker, 2008) . The pH, nitrogen compounds and dissolved oxygen were the most influencing parameters in fish ponds, where their values in all ponds although fluctuated from time, to time they stayed within the acceptable and favorable levels required for growth, survival and wellbeing of the tested fish species.
Phosphorus is a key element involved in virtually all aspects of cellular metabolism, including phosphorylation reactions and synthesis of nucleo-tides, phosphorylated intermediate compounds, and various vitamins and enzymes. It is usually the limiting factor in plankton production in fresh-water systems (Boyd and McNevin, 2015) . The most significant form of inorganic phosphorus is orthophosphate (PO 4 ); it can be rapidly removed from the water column and cycled throughout the system by various interactions of bacteria, protozoa, phytoplankton, zooplankton, and aquatic macrophytes (Dasgupta et al., 2008) . Phosphorus can be absorbed both by acid bottom sediments and sediments that contain calcium carbonate (Dasgupta et al., 2008) . These results clear that the average values of orthophosphate and chlorophyll "a" had positive correlation ship with fertilizer.
The highest values of orthophosphate and chlorophyll "a" recorded in Shader Azam fish farm and were significantly (P<0.05) increase in Shader Azam fish farm than others fish farm. Also, were significantly (P<0.05) increase in fertilizer fish farm than feed fish farms. These finding may be due to increase of organic fertilizer with increasing decomposition of organic matter led to release of nitrogen and PO 4 . Sevilleja et al. (2001) reported that there are several ways that phosphorus enters the water body and one of them is by organic manure decomposition. Organic manure in ponds decomposes and releases phosphorus which stimulates the growth of planktons and increase nutrient availability, leading to increased water quality and fish growth. The balance between nitrogen and phosphorus depends not only on their ratio in the water pond, but also on the processes controlling biogenic rotation and on their distribution in the aquatic ecosystem (Knoscheet al., 2000) .
Phosphorus and chlorophyll "a" are the most important factors that help to increase the growth of natural food in the ponds. Fertilization is one of the main sources of increased nutrients that cause increased growth of phytoplankton. The same find by Ekpenyong (2000) , who reported that Chlorophyll "a" is correlated to phytoplankton as increases in nutrient abundance in ponds give rise to increase in zooplankton production which in turn, reduces the phytoplankton biomass through grazing and as such chlorophyll "a" is reduced.
According to ranges specified by Shaker (2008) ; McNevin 2015 and Shaker et al. (2015) all values determined in this study were adequate levels for fish culture.
Both fertilizers and artificial feed communities were composed of four groups of algae: Bacillariophyceae, Chlorophyceae, Cyanophyceae and Euglenophyceae, and four groups of zooplankton: Cladocera; Copepoda; Ostracoda and Rotifra.. For the phytoplankton, the Chlorophyceae was the dominant group of phytoplankton in terms of number of cells or colony-forming units, followed by Bacillariophyceae, Euglenophyceae and Cyanophyceae in all treatments (Fig. 2) . There was significant (P<0.05) difference in abundance in all groups of phytoplankton or zooplankton among pond managements and fish farms. Abundance increased significantly over the experimental period and fertilizers ponds.
Average and total numbers of phytoplankton and zooplankton are presented in Figs. (3&4) . Phytoplankton growth depends on the availability of nutrients in the water, especially nitrogen and phosphorus. The fertilizer fish ponds in Kafer El-Sheik had significantly increase (P<0.05) than others fish farms. Chlorophyta numbers had direction Kafr El-Sheikh followed by Shader Azzam then El-Tal El-Kabeer. The same trend was observed by Bacillarophyta. The Cyanophyta and Euglina numbers had significantly increase (P<0.05) in in Kafer El-Sheik and Shader Azzam fish farms. Increase of Cyanophyta and Euglina numbers in the waters in Kafer El-Sheik and Shader Azzam fish farms it means that the water is highly contaminated. Also, lower numbers of Cyanophyta and Euglina numbers in the waters of the El Tal El Kabeer refers to the good water quality and purity. These results are in agreement with those obtained by Shaker (2008) and Shaker et al., (2016) , who reported that the Cyanophyta and Euglina numbers had significantly increase (P<0.05) with increasing organic and inorganic pollutants in water.
Many studies have shown that the combined use of inorganic and organic fertilizers is effective in productivity improvement in earthen ponds (Afzal et al., 2007; Jha et al., 2008) . Moreover, the combined use of inorganic and organic fertilizers is effective in maintaining phytoplankton and zooplankton population in production ponds. Fertilizers are applied for fertilization of fish ponds to increase plant nutrients contraction and to stimulate natural fish growth and ultimately increase fish production. Availability of natural food in pond water reduces fish demand for artificial feeds, leading to reduce production costs and improve farm income. Manure has been used extensively as organic fertilizers in fish farms for increasing natural food web and consequently reducing production costs.
Fish harvest and economic performance:
The applications of organic and inorganic fertilizer in ponds water enhance plankton productivity and abundance which support fish production (Jhaet al., 2008) . Manipulation of organic manure and feed inputs can increase production in earthen ponds especially for herbivore fish such as tilapia, common carp and mullet (Edwards et al., 1994) . The use of organic and mineral fertilizers leads to increased plankton growth and reduce the cost of production of fish, Shaker et al. (2016) . The growth performance and harvest volume of Nile tilapia and mullet in the three fish farms under two farming systems are shown in Table (1) and Fig. (4) . Tilapia and mullet was stocked at the same initial numbers and initial weight in three fish farms ponds under two farming systems. The survival rates of tilapia were 95.71; 95.0; 95 and mullet were 87.0; 90 and 90.75% in Kafer El-Sheik; El Tal El Kabeer and Shader Azam respectively regardless pond managements. These results indicated that the survival rates were not significantly (P<0.05) differing among three fish farms. The survival rate of tilapia were 93.2-94.5 -95% in fertilizers fish ponds and in feed fish ponds were 98.22-95.5 -95% in Kafer El-Sheik; El Tal El Kabeer and Shader Azam respectively. The survival rates (%) in feed ponds systems were significantly (P<0.05) higher than in fertilizers fish ponds. These results it probably due to increased growths phytoplankton in the early stages of cultivation led to increased consumption of dissolved oxygen in water. Also, the survival rate of tilapia were significantly (P<0.05) increased than in mullet in each fish farms. The daily weight average (1.22 -1.15 and 132) for tilapia fertilizers fish ponds, (1.65, 1.65 and 1.89) for tilapia feed fish ponds in Kafer El-Sheik; El Tal El Kabeer and Shader Azam respectively. The daily weight average (1.13, 1.03 and 1.33) for mullet fertilizers fish ponds (1.2, 1.13 and 1.47) for feed fish pond in Kafer El-Sheik; El Tal El Kabeer and Shader Azam respectively. These results indicated that the daily weight gain of tilapia was significantly higher (P<0.05) than mullet. The same trend was observed by SGR. These results are good in agreement with those obtained by Yang et al. (2003) ; Shaker and Abd El Aal, (2006); Shaker (2008) and Shaker et al. (2016) tilapia, silver carp, common carp and mullet. They added that the daily gain and SGR of tilapia was significantly (P<0.05) than mullet. Overall, the daily gain and SGR of tilapia and mullet were significantly (P<0.05) higher in feed pond systems than in fertilizers ponds system in all fish farms. These results are good agreement with those obtained by Shaker et al. (2016) . The total production of fish were 3458.7, 4693.2, 3312, 4558, 3884 and 5255kg/feddan for KM; KF; TF; TM; PM and PF fish farm respectively (Fig. 5) . These results clear that the total fish production per feddan Shader Azam was significantly (P<0.05) higher followed by Kafer El-Sheik and then El Tal El Kabeer respectively. Also, the feed fish farm ponds were significantly (P<0.05) higher (P<0.05) than fertilizer fish farm ponds in each fish farms. These results indicated the fertilizer system was not suitable for Nile tilapia growth during the whole period, while artificial feed systems offered more nutritional support during different development. The increasing fish production in Shader Azzam fish farms (fertilizers and feed) as a result of increased organic waste, zooplankton and benthos. The production rates of mullet were significantly (P<0.05) increased in fertilizers system than in feed system. These results indicate that the mullet needs to fertilization with artificial feed. These results are good in agreement with those obtained by Shaker (2008) and Shaker et al. (2016) , who reported that the highest fish production recorded in traditional (organic and mineral fertilizers + artificial feed) fish ponds. He added that the cost of fish production in the fertilizer system was significantly less than artificial feed system. From the presented data in Table ( 2) and Fig. (6) show, the production and distribution of output on various grades and yield economic. The production of tilapia distributed to five degrees (Dabbashi, Super, Grad1, Grad2, and Gard3) in fertilizers fish ponds, while the production of tilapia distributed to four degrees (Dabbashi, Super, Grad1 and Grad2) in feed fish ponds and the production of mullet spread to two degrees (Grad1 and2). The economics efficiency of ponds management is shown in Table ( 2). The cost of fingerlings per feddan were 5280 LE in feed and fertilizer and feed fish farm which amount to 23.18,12.9, 22.34, 13.53, 23 .23 and 14.69% of total operating costs in KM; KF; IF; IM; PM and PF fish farm respectively. The cost of feed per feddan were 10250, 32500,10550,30750,10450 and 27500LE which amount to 44.99, 79.4, 44.65, 78.78, 45.97 and 76 .53% of total operating costs in KM; KF; IF; IM; PM and PF fish farm respectively. The total production cost per feddan were 22780, 40930, 23630, 39030, 22730 and 35930LE in KM; KF; IF; IM; PM and PF fish farm respectively. The total returns of Tilapia and mullet were 22780, 40930, 23630, 39030, 22730 and 35930L .E in the same fish farms respectively. The production costs per kilogram of fish were 6. 59, 8.72, 7.13, 8.56, 5 .85 and 6.83LE in KM; KF; IF; IM; PM and PF fish farm respectively. The respective total sale income averaged 22780, 40930, 23630, 39030, 22730 and 35930 LE for the same treatments respectively, resulting in returns above total coast as 5. 46, 3.55 4.99,3.79, 7.26 and 6 .99 LE per kilogram of fish in KM; KF; IF; IM; PM and PF fish farm respectively. The highest total returns was observed in the feed fish farm due to increased fish production and higher quality of fish harvest in terms of size grades composition, especially the higher percentage of Dabbashi, super and first class of Tilapia and mullet. While, the total income per feddan was higher in the feed fishfarm, the net income was significantly higher (P<0.05) in the fertilizer fish farm due to its lower operating costs per unit of production.
In conclusion, increased total production of fish in artificial feeding fish farms ponds than fertilizers fish pond., Increase output proportion of Dabbashi super and first class in artificial feeding transactions compared with than fertilizers fish pond. And Absence of Tilapia in the third degree in artificial feeding fish farms ponds.
Clearly, the factors having the greatest impact on the economic outcome were the yield as consequence of growth and survival, prices received for tilapia and mullet at different size groups, feed, and fingerlings of tilapia and mullet costs.
